This paper explores the relationship between risk attitude and asset diversification in household portfolios. We first examine the impact of manifested risk aversion on the total number of distinct assets held in a portfolio (naive diversification). The second part of the paper focuses on a more sophisticated strategy of diversification and asks whether financial theory is compatible with observed diversification patterns. Based on the German Socioeconomic Panel which provides unique measures of individual propensity for taking risk, the results of the regression analysis show that, along with some socioeconomic characteristics, the propensity for taking investment risk is an important predictor of a household's diversification strategy. However, some of our findings are strongly at odds with what the concept of mean-variance utility suggests.
Introduction
Knowing what affects the propensity of nonprofessional investors to diversify their financial portfolios is highly relevant for policymakers and the financial services industry.
For example, the Markets in Financial Instruments Directive (MiFiD) of the European Commission requires financial advisors to identify customer risk preferences and to customize their advice according to these preferences (EC, 2006) . Typically, this identification takes place by way of self-disclosure of the individual's risk attitude. Therefore, it is crucial to know whether subjective risk aversion is indeed the dominating factor in a household's investment diversification strategy. Our study intends to shed new light on this issue. We use high-quality survey data about both a household's risk attitude and its actual investment behavior to analyze how the perceived risk attitude shapes the structure of the financial portfolios.
In the theoretical literature, it is generally thought that an investor with high risk aversion will maintain a more diversified portfolio in order to minimize the variance of returns (e.g. Friend and Blume (1975) and Morin and Suarez (1983) ). However, empirical studies do not always support this view. For example, Campbell, Chan and Viceira (2003) find that demand for risky assets is a positive hump-shaped function of risk tolerance. Fellner and Maciejovsky (2007) show that self-declared risk tolerance has a positive effect on willingness to diversify into risky assets. Moreover, some studies investigating the question of how households diversify argue that classical portfolio theory is inapplicable in this context.
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These discrepancies between empirical findings and theoretical expectations may be explained, at least to some extent, by how individual risk attitude is measured. In the majority of empirical studies, the level of risk aversion is measured either experimentally in hypothetical lotteries, and thus depends on the specific design of the experiment, or is inferred from relevant information about individual behavior in different socioeconomic contexts (e.g. Guiso and Pistaferri (2002) , Hartog and Jonker (2000) ). To date, a lack of high-quality survey data about household risk attitude, together with insufficient information on asset holdings, has made it difficult to conduct a true test of the impact of risk aversion on the allocation of wealth across assets.
The conflicting findings and the absence of empirical evidence are strong motivation for further analysis of the role of risk attitudes in investment behavior. In this paper, we test two hypotheses involving this topic. Our main conjecture reflects the predictions of portfolio theory and can be stated as follows: there is a statistically significant positive relationship between subjective risk aversion and the level of diversification in a household's financial portfolio. Additionally, we investigate the suggestion that precautionary and transactions motives dominate household investment activity (Keynes (1936) ), and that the probability of holding risky assets is higher for households that already have some safe assets in their portfolios.
The analysis is based on the German Socioeconomic Panel (SOEP). We use three The level of portfolio diversification is measured two ways. The first measure is the number of distinct asset types held in the portfolio. Despite its simplicity, this measure is useful when analyzing the decisions of individuals who follow a "naive" diversification strategy based on the principle "don't put all your eggs in one basket." This type of strategy is engaged in fairly frequently by nonprofessional investors (Benartzi and Thaler, 2001 ). Our second measure of diversification is designed to capture more sophisticated strategies: in addition to the number of assets, it also takes into account their risk content and how they are combined in a portfolio.
The results are surprising, especially regarding the principle of naive diversification.
This principle is based on the idea that "naive" investors include as many different assets as possible in their portfolios in the hope that doing so will reduce the return variance and, thus, the portfolio risk. Accordingly, the more risk averse the investor, the more distinct types of assets are expected to be held in his or her portfolio. Our results are in completely the opposite direction. Furthermore, even if households follow a more sophisticated diversification strategy, that is, they account for the riskiness of the individual assets they include in the portfolio, our results contradict the predictions of classical portfolio theory. We find that propensity to diversify decreases when risk aversion rises.
The remainder of the paper is organized as follows. In the next section, we review the existing empirical literature on determinants of diversification of household financial portfolios. The third section describes the data, provides descriptive statistics, and details the two measures of portfolio diversification employed. The fourth section presents the measures of risk aversion. The fifth and the sixth sections describe the empirical strategy and the main results. Section 7 concludes. Ancillary information related to the research is relegated to the Appendix.
Previous evidence on determinants of household portfolio diversification
Academic research into the determinants of portfolio diversification is not new and can be traced back to the mean-variance analysis of Markowitz (1952) , who showed how investors would select assets if they cared only about the mean and variance of portfolio returns. In this situation, Markowitz theorized that risk aversion would play a major role in determining investment decisions. The prediction with respect of portfolio diversification is that investors with high risk aversion will hold more diversified portfolios in order to minimize the risk associated with variance of returns.
Empirical research into the issue begins with studies by Friend and Blume (1975) and Morin and Suarez (1983) who, in line with predictions of classical portfolio theory, hypothesize that risk aversion is positively related to the level of diversification. Gomes and Michaelides (2005) , too, argue that more risk-averse people will have more diversified portfolios. Their explanation of this relationship, however, differs from classical mean-variance argumentation. The researchers show that risk-prone households accumulate very little wealth and, correspondingly, most of them do not hold stocks. In contrast, more risk-averse investors achieve higher wealth levels and, therefore, have a stronger incentive to pay the market entry costs and acquire more assets. However, King
and Leape (1998) find that risk-averse individuals are more likely to limit their portfolios to safe assets, such as saving accounts and government bonds. Correspondingly, they are less likely to diversify into risky assets. In contrast, Campbell et al. (2003) argue Despite the role of risk aversion, it is not the sole determinant of investment behavior. There is a wide agreement in the empirical literature that the socioeconomic and demographic characteristics of investors also have a significant influence on portfolio decisions. In particular, Uhler and Cragg (1971) find that differences in income, age, and education explain a great deal of the variation in the number of different financial assets held by U.S. households; evidence from a wide variety of other countries supports this finding. 2 Therefore, one definitely needs to control for the socioeconomic profile of households when analyzing their portfolio decisions.
One note of caution is in order here. Accurately testing the relationship between risk aversion and portfolio diversification is not easy, chiefly due to problems with measuring risk aversion. In the majority of empirical studies, risk aversion is measured either 2 See, e.g., Campbell (2006) , Bertaut and Starr-McCluer (2000) and King and Leape (1998) on the US; Henry, Odonnat and Ricart (1992) on France; Hochguertel, Alessie and Van Soest (1997) and Alessie, Hochguertel and Van Soest (2000) on Netherlands; Guiso and Jappelli (2000) on Italy; Banks and Smith (2000) and Burton (2001) on the UK; Himmelreicher (1998) and Börsch-Supan and Eymann (2000) on Germany. experimentally in hypothetical lotteries or is inferred from information about individual behavior in different socioeconomic contexts (e.g., Pistaferri (2002), Hartog and Jonker (2000) ). However, there is a growing body of empirical research showing that subjective measures of risk aversion, i.e., risk attitude as stated by individuals participating in surveys, is a powerful predictor of decisions regarding portfolio choice (Kapteyn and Teppa (2002) and Fellner and Maciejovsky (2007) ). Following this literature, we use self-declared attitudes toward risk taking as a measure of risk aversion in our study.
3 Evidence on household portfolios from the SOEP
Ownership of financial assets
To analyze the determinants of household portfolio diversification we employ data from 3 Only these waves were considered, since the earlier ones do not provide information on individual risk preferences.
4 For all socioeconomic characteristics that cannot be observed at the household level, e.g., age, sex, etc., reported figures relate to the characteristics of the household head.
5 The survey provides no information on wealth amounts allocated to distinct financial assets. Only participation is reported in the relevant time period. Table 1 documents the financial asset ownership of our sample. It reports the fraction of households holding each of the six possible asset types in a particular year. It can be seen that saving accounts are the most frequently held financial asset: more than 70 percent of households report owning this type of asset. Life insurance, at 50 percent frequency, is in second place, followed by home ownership saving contracts at about 40 percent. Stocks add up to about 30 percent and rank fourth, while fixed-interest securities, with roughly 16 percent, rank fifth. Ownership or share holding of nonlisted firms appears to be the least popular investment type, standing at less than 5 percent.
The figures do not change significantly during the three years, although a slight decline in the ownership of saving accounts and life insurance is observable. 
Measures of diversification
Despite the fact that analysis of portfolio diversification has a long history, there is no common approach to measuring degree of diversification in household portfolios. Across the empirical literature one can find diverse approaches, mostly depending on the data in hand. Blume and Friend (1975) use the total number of securities constituting a portfolio as a measure of diversification. Goetzmann, Lingfeng and Rouwenhorst (2005) correct the total number of financial instruments in a portfolio for the correlation among returns on these instruments in order to account for a passive diversification. is not rare for nonprofessional investors to follow some naive or heuristic diversification strategy, e.g., 1/n strategy, according to which, investors allocate their wealth evenly among n available assets.
Taking into account the specific nature of household portfolios and the fact that some investors make decisions based on naive notions of diversification, we construct two alternative measures of portfolio diversification: "naive diversification" and "sophisticated diversification."
Naive diversification
Naive diversification takes into account only the number of distinct asset types held in portfolio. 6 As discussed above, the SOEP data allow identification of six distinct classes of assets.
7 Table 2 documents change in investment behavior during the three years from 2004 to 2006. During this period, the largest fraction of households allocated their wealth among three assets. The two-asset portfolio is the next most common, followed by the one-asset portfolio. More diversified portfolios appear less frequently in the sample. Less than 6 The term "naive diversification" is often used to reflect the fact that an equal amount of wealth is attached to all assets available (DeMiguel, Garlappi and Uppal, 2007) . We refer only to the number of assets due to the data constraints of the SOEP.
7 The expression "asset type" is used to emphasize that the data do not provide information on what securities are exactly held and in what quantity they occur in the portfolio.
one-fifth of the respondents allocate their wealth among four assets. Portfolios comprised of five assets are held by less than 5 percent of the households, and portfolios consisting of all six assets are held by less than 1 percent of the respondents. Remarkably, a rather large share of respondents has no investments. 
Sophisticated diversification
Our second measure of diversification is constructed to capture more sophisticated investment patterns. It accounts for not only the number of assets, but also for their degree of risk and combination in a portfolio. The measure is constructed as follows.
The six financial assets available in the survey data are grouped into three categories according to their riskiness: safe, relatively risky, and risky. Because we do not know the share of wealth allocated to each individual asset, defining riskiness according to the mean-variance approach is not applicable. Instead, we use a simpler, but feasible, categorization drawing upon Blume and Friend (1975) and Börsch-Supan and Eymann (2000) . Saving accounts and home ownership saving contracts are categorized as safe assets; life insurance policies and fixed interest securities (saving bonds, mortgage bonds, etc.) comprise relatively risky assets; and stocks held directly or through mutual funds and shares of nonlisted firms are regarded as risky assets.
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This categorization is justified as follows. Saving accounts are clearly safe because their returns do not exhibit any variation and are guaranteed by the financial institution.
The returns on fixed-interest assets are also stable; however, the real payoff depends on the duration and on the issuer's rating. Holders of life insurance policies do not bear the risk of losing the entire investment, but the real return upon termination is uncertain and can be significantly lower than the expected return. Therefore, fixed-interest assets and life insurance are both regarded as relatively risky assets. Shares of listed and nonlisted firms or ownership of a firm are the riskiest, since share prices and dividends are volatile and uncertain, and the future value of an own business is also subject to great uncertainty.
This classification rule gives rise to three types of diversification. A portfolio that consists of assets from only one category, i.e., either safe, relatively risky, or risky, has the least degree of diversification and is referred to as undiversified. Undiversified portfolios can be low, medium, or high risk. A portfolio that includes assets from at least two different categories is referred to as quite diversified and, again, three subcategories are defined according to the degree of risk. The portfolio that includes safe and relatively risky assets is denoted as low risk, the portfolio with safe and risky assets is referred to as medium risk, and the one containing relatively risky and risky assets is a "high risk" portfolio. A fully diversified portfolio is one that includes assets from all three categories. portfolios. Over period studies, more than 80 percent of households prefer safe and relatively risky assets, whereas the share who hold a combination of safe and risky assets stays below 15 percent. The percentage of households that mix assets from the relatively risky and risky categories never reaches 6 percent. Since we have only one year of data for the measure of financial risk aversion, and two years of data for the measure of general risk aversion, a further adjustment is necessary to make the measures useable in the panel-data context. We treat FRA and RA as time-invariant variables and assume that risk attitudes remain stable over our three-9 For discussion of the experiment, see Dohmen, Falk, Huffman, Sunde, Schupp and Wagner (2006) . Both diversification measures are categorical variables with J mutually exclusive and exhaustive alternatives. Because of the specifics of the dependent variable, we fit the data to a multinomial logistic regression model drawing upon Uhler and Cragg (1971) and estimate it with maximum likelihood. 11 For a case of J mutually exclusive outcomes, the probability of observing a particular outcome, P (Y j ), is:
n = 0, 1, 2, ..., J; j = 0, 2, ..., J; j = n.
The impact of risk aversion on "naive" diversification
The marginal effects of the explanatory variables on the propensity to diversify following naive rules are documented in Table 5 in the Appendix. The results with respect to our main variable of interest, FRA, show that level of self-declared risk aversion in financial matters has a strong effect on level of portfolio diversification, as was expected.
All coefficients, except the one for the two-assets portfolio, are statistically significant, most of them highly so. However, we cannot confirm our hypothesis about a positive relationship between risk aversion and level of diversification. The message is clear: the level of risk aversion is negatively related to the number of assets in the portfolio.
As mentioned previously, the SOEP provides us with an alternative measure of risk aversion based on self-declared willingness to take risk in general, which allows us to test whether propensity to take financial risk has the same effect on portfolio decisions 11 In case of naive diversification, the dependent variable takes seven successive numbers from 0 to 6, according to the number of asset classes held in a portfolio. Therefore we also tried to fit the data to an ordered logit model. However, the result of a Brant test showed that the parallel regression assumption is violated. Other specification tests indicated that multinomial logit model is appropriate to the data employed here. as propensity to take risks not necessarily associated with loss of wealth. We run an additional regression substituting our FRA variable for the measure of general risk aversion, RA. All other explanatory variables remain the same. The results are interesting in two respects. First, the estimated coefficients of RA predict the same direction of relationship between risk aversion and diversification as was the case for "financial risk aversion." However, most of the coefficients are statistically not significant, indicating that "general risk aversion" has little impact on the propensity to diversify naively.
With respect to the socioeconomic control variables, our results are in agreement with the findings of other empirical studies. The effects of factors such as age, income, and education have the expected signs. To check the robustness of these results, we estimate a model without risk-aversion variables, i.e., explanatory variables include only basic socioeconomic characteristics. The coefficients' estimates in this specification do not change significantly and the direction of effects stays the same. The magnitude of some variables' coefficient increases slightly, which indicates that there might be correlation between individual risk attitudes and socioeconomic characteristics.
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In sum, our findings are rather surprising, in that they do not support the naive 12 In fact, Hartog, Ferrer-i Carbonell and Jonker (2002) provide evidence that level of individual risk aversion may change with income, gender, and employment status. diversification principle at all. This principle suggests that investors include as many types of assets as possible in their portfolios, hoping that this will reduce the variance of portfolio returns and, thus, portfolio risk. Accordingly, the more risk averse the investor, the more types of assets he or she is expected to hold in a portfolio. However, our regression analysis comes to the completely opposite conclusion. Perhaps our unexpected findings are due, in part, to the possibility that households do not, in fact, diversify naively, but instead follow more sophisticated rules when putting together their investment portfolios. The next section explores this hypothesis in more detail.
The impact of risk aversion on "sophisticated" diversification
In this section we investigate whether the impact of individual risk aversion on portfolio structure can be better explained by assuming that households follow more sophisticated diversification strategies rather than the simple rule of investing in as many assets as possible. For this purpose, we proceed in the same way as with naive diversification, and by drawing on Table 3 , define a new dependent variable Diversification/Risk that indicates distinct combinations of diversification type (undiversified, quite diversified, fully diversified) and risk content (low, moderate, and high risk). This results in eight possible outcomes: undiversified/low, undiversified/moderate, undiversified/high, quite diversified/low, quite diversified/moderate, quite diversified/high, and fully diversified plus one more outcome entitled "no investments". As in the previous subsection, we fit the data to a multinomial logistic model and use the same set of explanatory variables.
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The estimated marginal effects are reported in Table 6 in the Appendix. Figure 3 illustrates how the probability of holding a particular portfolio type changes with rising risk aversion. First, we assess the effects on the likelihood of undiversified and quite diversified portfolios with low risk. The positive effect of risk aversion on the 13 We estimated the same model including the measure of general risk aversion, RA, instead of financial risk aversion. As before, the effect of RA has the same sign, although its statistical significance is weak. The estimates of the socioeconomic variables do not change significantly. Given the robust results, we concentrate on the risk propensity variables.
probability that individuals hold such portfolios is plausible. If risk aversion increases, individuals are more likely to invest in safe assets. However, for individuals with equal levels of risk aversion, the estimated probability of quite diversified portfolios is higher than the probability of undiversified portfolios. Thus, we register a positive relationship between risk aversion and level of diversification.
An opposite relationship emerges when we look at the probabilities for portfolios with high risk. Here, the likelihood is negatively related to the level of risk aversion.
Furthermore, individuals with the same risk preferences would invest in quite diversified portfolios rather than in undiversified portfolios, which is what we would expect based on the utility theory and from Markowitz's diversification principle.
However, with respect to portfolios with moderate risk, the relationship is less clear.
The probability of having an undiversified portfolio appears to rise with the level of risk aversion, but the effect is not statistically significant. In contrast, the effect of risk aversion on the quite diversified portfolio is statistically significant and obviously negative, suggesting a negative relationship between risk aversion and diversification.
Finally, the effect of risk aversion on the probability of holding a fully diversified portfolio is not easy to explain. To the extent that the returns of the clearly safe assets, on the one hand, and the risky assets, on the other, are negatively correlated, the findings clearly contradict the hypothesis that individuals with higher risk aversion would rather invest in portfolios where the variance of returns is low due to diversification. Even if the risky asset class in these portfolios is thought of as a type of surrogate for the market portfolio, as in the CAPM, a negative relationship is not expected. If the CAPM does, indeed hold, the likelihood of observing this portfolio type should be unaffected by the propensity to take risks, a conclusion that may be the result of limitations of the data set. According to the CAPM, the number of components in the aggregate household portfolio would not change with varying risk attitudes, only their shares in the aggregate value of the portfolio would vary. However, our data set provides information only on number of components in a portfolio, not their share of the total value. Financial assets produce a variety of services to their holders which are indicated by such characteristics as yield, riskiness, marketability, acceptance as a medium of exchange, ownership rights and so on. If markets were perfect, one would expect all households with positive asset holdings to diversify in order to obtain an optimal mix of these services. The nature of the mix would depend on the utility function defined over the services.
14 Accordingly, the selection of assets is driven by many motives, of which minimizing variation in returns is only one. For any particular household, another motive might be stronger. Keynes (1936) suggested that precautionary and transactions motives have a particularly strong effect on household activity. Rational households would first invest in highly liquid or safe assets, such as cash and saving deposits. Only after basic needs are satisfied, would a household consider investing in other, more speculative types of assets, such as stocks or bonds. Thus, it is reasonable to assume that if a household has only one asset, it will be a safe one.
15 Such reasoning implies that a household will invest in a higher number of assets, including risky ones, only after precautionary and transaction needs are satisfied. As a result, a negative relationship between diversification and risk aversion would emerge.
To test this hypothesis, we estimate an additional multinomial logit model where the dependent variable represents the number of risky assets held in a portfolio, taking on values ranging from 0 to 2. The explanatory variables include the same main socioeconomic characteristics of households as employed in the previous regressions, and a metric variable N Saf e assets that represents the number of safe assets held in a portfolio. The estimated marginal effects are presented in Table 7 of the Appendix. As expected, there is a positive relationship between the number of safe assets and the ownership of risky financial instruments. Ceteris paribus, ownership of a unit increment in the number of safe assets reduces the probability that a household refrains from investing in any risky asset by almost 6 percent and the likelihood of owning one risky asset increases by 5 percent when one additional safe asset is included into portfolio. The probability of holding two risky assets is also positively associated with a unit increment in safe assets.
Thus, we can conclude that the propensity to diversify is highly dependent on whether safety and liquidity needs have been satisfied.
Conclusions
This paper explores the link between self-declared risk aversion and level of portfolio diversification. We use a large sample of German households derived from the German Socioeconomic Panel. The data allow controlling for the main demographic characteristics of household members, such as age, gender, and number of children, as well as provide detailed information on socioeconomic status, including education, occupation, self-employment, income, and ownership of financial assets.
We find that self-declared risk aversion and actual behavior in diversifying investments do not always match as expected. Higher risk aversion does not necessarily lead to greater diversification, as is expected from portfolio theory, even when we control for the level of portfolio risk. A further interesting finding with regard to risk attitudes is that, as expected, individual willingness to take financial risk has a better predictive power for household financial behavior than does general risk tolerance. Our findings have implications for the consulting requirements imposed on the financial services industry (EC (2006)). The industry is required to provide advice based on the individual's self-assessment of risk attitude but our findings imply that self-declaration may be an insufficient indicator of true risk preference.
The present research has several limitations that should be kept in mind when interpreting the findings. First, households are considered to depend entirely on labor income as their source of financial wealth. Second, we do not take into account household debts or nonfinancial wealth. Third, the analysis is built on the number and type of assets owned, not value share of asset type. Further, the present research exclusively analyzed the effects of micro-factors, ignoring a range of macro-factors, such as fiscal and social policies, that would, no doubt, have some effect on household portfolios. All these issues present a challenging task for future research. ISCED-1997-Classification: it begins at the age of 17 or 18, lasts about three, four, or more years, and leads to a university or postgraduate university degree or the equivalent. c Income is calculated as real income of individuals adjusted for inflation. Consumer Price Index (CPI) is used as a measure of inflation. Table 5 : The effects of the financial risk aversion on "naive" diversification
Appendix
The table reports marginal effects of independent variables after estimation of multinomial logit model with maximum likelihood. Marginal effects are calculated at the mean values for continuous variables and at the value of 0 for the binary dummy variables and count variables. Dummy variables are marked with "(d)". The dependent variable is a categorical variable that takes seven successive values from 0 to 6, according to the number of asset classes held in a portfolio. Variable FRA indicates financial risk aversion and takes on values from 0 (lowest risk aversion) to 10 (highest risk aversion). Income20 through Income80 are dummy variables indicating to which income group the household belongs: Income20 = the lowest 20-percentile, Income40 = 40-percentile -20-percentile, etc. Income100 -the upper 20-percentile is the base category. Probability of outcome is the predicted probability of holding particular number of asset types.
Outcome: Nassets = 0 Nassets = 1 Nassets = 2 Nassets = 3 Nassets = 4 Nassets = 5 Nassets = 6 
